A new source mechanism is proposed for the 'reflected' ion beams observed in the foreshock region of the earth's bow shock. In our model the beams originate in the magnetosheath downstream of the quasi-perpendicular portion of the shock. The quasi-perpendicular shock transition is characterized by two downstream ion populations including high-energy gyrating ions in addition to the directly transmitted anisotropic ions. We show by particle simulations that this highly anisotropic 
It has been commonly suggested [Greenstart, 1975; Gosling et al., 1978; Bame et al., 1980; Bonifazi and Moreno, 1981a, b] that these ions are a small part of the solar wind ions which are reflected near the quasi-perpendicular portion of the bow shock; hence the name 'reflected' ions, primarily due to their collimated nature and apparent geometric origin. The major evidence supporting reflection as the source of these ions results from studies of the resulting ion energy gain [Sonnerup, 1969; Greenstadt, 1975; Paschmann et al., 1980] . Sonnerup [1969] has shown using conservation laws that ions can be accelerated by their displacement along the interplanetary motional electric field during their reflection at the shock. His results, which have been extended to a more general shock geometry by Paschmann et al. [1980] , relate the energy gain of an ion during reflection to 0ns and the change in the direction of the ion trajectory. The maximum energy gain is obtained when the ion magnetic moment is conserved during reflection; for large 0. the energy gain is proportional to tan 2 0. and can be quite large. Paschmann et al. [1980] analyzed a number of ISEE upstream ion events and found that the geometric energization formulas assuming # is conserved generally agree with the observed ion beam streaming energies. 
s). The observed beam parallel temperatures cannot be explained in this way, as it is quite insensitive to changes in #.
A weakness of the direct reflection model is that no reasonable reflection mechanism has been proposed that conserves, or approximately conserves, #. In fact, for the quasi-perpendicular bow shock (0.s •> 45ø), such a mechanism is theoretically difficult to justify. In this paper we propose a new and self-consistent source mechanism for the 'reflected' ions based on the observed [Paschrnann et al., 1982] and theoretically understood [Leroy et al., 1981 [Leroy et al., , 1982 ion behavior in the quasi-perpendicular shock. As the work of oedrniston et al. [1982] , the ion source is in the magnetosheath. The process is summarized in Figure 2 energies compared with their parallel energies. The free energy associated with this anisøtropy then drives the electromagnetic ion cyclotron (EMIC) instability. As the result of the instability, the gyrating ions are pitch angle scattered, producing some ions with large parallel velocities. These ions then move along the convecting magnetic field lines, cross the bow shock, and escape into the upstream region.
In section 2 of this paper, it will be shown by particle simulations that the gyrating ions created at the quasi-perpendicular bow shock are effectively scattered by the EMIC instability. Using the ion distribution resulting from this process, we calculate the flux and distribution functions of ions escaping upstream in section 3. Finally, section 4 is devoted to a discussion and summary of the results.
ION SCATTERING MECHANISM--PARTICLE

SIMULAXIONS OF EMIC WAVES
The results of the hybrid simulations [Leroy et al., 1981 [Leroy et al., , 1982 show that there are two types of ions behind the quasiperpendicular bow shock. Figure 3 shows the velocity distribution of ions (x corresponds to the shock normal direction) perpendicular to the magnetic field just behind the shock front computed in the simulation. (The parameters were chosen to emulate the ISEE shock crossing of November 7, 1977; for a detailed description of the hybrid model and results, see Leroy et al. [1981] .) Most of the ions (>• 85%) are slowed and adiabatically heated in the perpendicular direction (their perpendicular temperature becomes roughly 4-8 times greater than their parallel temperature) as they traverse the shock transition layer to form an anisotropic ion 'core.' Surrounding these 'core' ions is a diffuse ring of more energetic ions. These ions were initially reflected at the shock front and then magnetically deflected downstream. Their gyrating orbits and phase mixing cause them to be spread out roughly in a ring in velocity space. Typically the perpendicular energy of these 'ring' ions is 3 to 4 times larger than their bulk flow energy before encountering the bow shock. This configuration contains a large amount of free energy, due to the large differences in the perpendicular and parallel energies of both the 'ring' and 'core' ions and also to the loss cone nature of the perpendicular velocity distribution of the ring ions, which can drive various instabilities, the most important of which is the electromagnetic ion cyclotron instability [Davidson and Ogden, 1975; Tajima et al., 1977; Lee et al., 1981] . Although this instability has been studied previously, the presence of the energetic ring changes its characteristics significantly. In particular, the eventual satu- of interest here. The latter, however, leads to an increased thermal spread of the ring with some of the ions scattered to slightly higher energies. Finally, the simulations implicitly assume that the ion distributions are initially gyrotropic. In fact, the actual distributions may have some angular dependence, which could give rise to obliquely propagating modes. However, the principal instability is the one considered here, which is insensitive to the exact form of the perpendicular velocity distribution. In determining the passage of ions across the shock surface itself, it is necessary to consider the structure of the transition layer, in particular, the electrostatic potential. We assume an asymptotic potential jump e½2 of 1/4 mi Vs•2; the upstream potential is eel, which is taken to be zero. Within the transition layer, however, we assume significant potential overshoot
Ckm• > ½2 [Leroy et al., 1981]. The value of•bma x is roughly for On8 = 90 ø, and its overshoot is assumed to decrease as sin e
One. The overshoot blocks the escape of some of the ions, particularly for moderate Ona. It is also assumed that the mag- In summary, we find that at least a substantial fraction of the 'reflected' ion beams observed in the foreshock region are likely to originate in the magnetosheath downstream 0f the quasiperpendicular bow shock. These beams are a natural and necessary consequence of the observationally and theoretically well documented characteristics of this region of the bow shock. Our model reproduces well the average observed energy, temperature, and thermal anisotropy of the upstream beams for OnB •<65 ø, and can be plausibly extended to produce higherenergy beams observed for Ona >• 70 ø. Furthermore, there is observational evidence in the downstream region supporting the existence of the EMIC turbulence and associated ion pitch angle scattering postulated in our model. Our model cannot easily explain the more energetic subset of the ion beams studied by Paschmann et al. [1980] , which may indicate that direct reflection also produces some upstream ions.
